Abstract. This study calculates and analyzes torsion moments of a rectangular panel with clamped edges as an element of ship structures under the action of uniform pressure with allowance for transverse shear deformation and examines the contribution of the corresponding shear stresses to the general stress state. In order to solve this problem, the method of infinite superposition of corrective functions of bending and stresses is applied. It involves an iterative process of mutually correcting the discrepancies from the said functions while meeting all boundary conditions. A particular solution for the bending function in the form of a quadratic polynomial is chosen as the initial approximation. It is established that torsion moment series diverge at the corner points of the plate going into infinity, which yields infinite values for the shear stresses at these points as well. Results of torsion moment calculation for square plates with different width ratios are provided. A 3D distribution diagram of moments is obtained. The computational experiment confirms the correctness of theoretical conclusions about infinite torsion moments at the corner points of the plate. Comparison with bending moments shows that torsion moments cannot be ignored during the assessment of the stress-strain state. The behavior of torsion moments near the corner points is qualitatively different from the simplified Kirchhoff theory, where they turn into zero.
Introduction
Modern ship structures widely use metallic and non-metallic materials with high interlaminar shear strength. Panels (plates) that serve as the basic elements of plating, deck sheathing, bulkheads, etc. are often made of such materials. This requires using more accurate methods of analysis during calculation that would reduce the weight of the structure without compromising its strength.
The classical (simplified) theory of thin plates based on the hypotheses of Kirchhoff and Love yields a significant error near the edges of the plate, in areas of steep changes in boundary conditions and points of application of concentrated forces, and during the calculation of medium thick plates.
Methods and Materials
The system of differential equations in dimensionless form is written as follows [3] . (1-ν2) ] is the bending rigidity of the plate; E is the Young modulus; H is the plate thickness; ν is the Poisson ratio; ψ(x, y) = Ψ(X, Y) /qb2 is the dimensionless stress function; Ψ(X, Y) is the stress function; α = h2/10 is the shear ratio; h = H/b is the relative plate thickness.
A plate with clamped edges often serves as the computational model for rectangular elements of ship structures. Boundary conditions consist in the absence of deflections and angles of clamped edges x = ± γ/2, y = ± 1/2 0 , 0 , 0
where γ = a/b is the aspect ratio of the plate; φx, φy are the section angles x = const, y = const:
According to [3] , torsion moments are related to the bending and stress functions through the following formula:
Here, the torsion moment is assigned to value qb 2 . It is necessary to find an analytical expression for torsion moments at each point in order to determine the corresponding shear stresses. According to (4) , this involves solving the basic problem of finding unknown deflection and stress functions.
According to the Reissner shear model, stresses along the thickness of the plate are determined using the following formulas :   3  3  3   12  12  12 , ,
where -h/2 ≤ z ≤ h/2 is the applicate of a random point of the plate. 
The problem of determining bending functions w(x, y) and stress functions ψ(x, y) are solved in works [20] using superposition of corrective functions. The required bending and stress functions are represented by the following expressions:
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Here, Akn , Bsn , Ckn , Dsn are the undetermined ratios that are found in pairs when boundary conditions on parallel edges are met,
The essence of the method is that all boundary conditions of the problem are met as a result of an infinite iterative process of eliminating shear deformations (discrepancies) from initial function (8) and from each pair of corrective functions (9), (11) and (10, (12) , which result in discrepancies on the other two edges as they eliminate discrepancies on two parallel edges through undetermined ratios.
Initial bending (8) is a particular solution of the first differential equation (1) that "automatically" ensures zero bending of clamped edges. The corrective bending functions are biharmonic, i.e. they satisfy the corresponding homogeneous equation for the first equation (1) . They also ensure zero bending at the plate contour. The corrective stress function satisfy the second equation (1) .
Work [20] calculates deflections, bending moments, and shear forces for different relative thicknesses of a square uniformly loaded plate and provides detailed tables. Torsion moments are not calculated as it is assumed that the corresponding shear stresses are minor compared with normal stresses. However, the subsequent analysis of the expression for torsion moments shows specific aspects of their behavior and effect on the stress state of the plate, particularly near the corner points. The numerical experiment confirms theoretical conclusions and provides a complete picture of torsion moment distribution in the plate. Below we provide the main results of the study.
By substituting the found bending functions (6) and (7) into formula (4) for torsion moments we obtain the final expression used in calculations: It should be noted that ratios Ckn , Dsn, which are parts of stress functions, are expressed through "basic" ratios Akn , Bsn providing that boundary conditions are met.
The expression of torsion moments (14) is an odd function of both variables. Therefore, it is enough to obtain numerical results for the first quarter of the plate.
It is easy to see that in the center of the plate torsion moments turn into zero. Let us find their expression at the corner points, particularly at point (0.5γ, 0.5). After simplification, we get 
Using formulas (13) it is possible to find the limit of the following components of this expression:
Ratios Ak and Bs have estimates obtained in [20] :
) for any iteration. Then the general first-order term in (15) has k-index exponent O(1 / k). Similarly, the second-order term in (15) 
has exponent O(1 / s).
This means that series in (15) diverge at the corner point and yield infinite torsion moments and, consequently, shear stresses.
Results
Numerical results for torsion moments are obtained for a rectangular plate (γ = 1) with fully clamped edges (CCCC plate according to the international nomenclature) under the effect of uniform pressure according to the refined Reissner theory. Calculations are made using a computer program compiled in the Maple system. The Poission number is taken equal to 0.3. The number of terms held in series (14) is taken equal to 299, the number of iterations is 10. After the 10th iteration, discrepancies in the fulfillment of boundary conditions, which are printed after each iteration, are practically zero. The relative thickness is taken equal to h = 0.01, 0.05, 0.1, 0.2, and 0.3. Tables 1-5 show torsion moment values at different points of the plate for the given relative thicknesses. Computational points are condensed near the contour in order to examine the effect of the plate edge. Fig. 1-5 show the corresponding torsion moment diagrams. The behavior pattern of the distribution diagrams of torsion moments shows that the corner points of the Reissner plate are special points, at which torsion moments are infinite. Consequently, the corresponding shear stresses τxy are also infinite. Now let us compare normal and shear stresses at the critical points of the plate. For this purpose, let us use the results of work [20] , which calculates bending moments Mx for the similar Reissner plates.
Bending Stresses relate to each other the same way as they are calculated by multiplying moments by 6/h2.
Conclusion
1. An analytical expression for torsion moments Mxy for a rectangular Reissner plate with clamped edges is obtained and examined.
2. Torsion moments along the horizontal of a square plate are calculated, and the corresponding 3D distribution diagrams are built for different realtive thicknesses of the plate.
3. Changes in torsion moments depending on plate thickness are analyzed. 4. It is analytically substantiated and numerically confirmed that the corner points of the Reissner plate are special points, at which torsion moments are infinte, whereas in Kirchhoff plates they are zero.
5. Comparative analysis of normal and shear stress values is performed.
